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(54) Surface plasmon sensor 

(57) A surface plasmon sensor comprises a prism, 
a metal film, which is formed on one surface of the prism 
and is brought into contact with a sample, and a light 
source for producing a light beam. An optical system 
causes the light beam to pass through the prism and to 
impinge upon an interface between the prism and the 
metal film such that various different angles of incidence 
may be obtained with respect to the interface. A photo- 
detector detects an intensity of the light beam, which 
has been totally reflected from the interface, with 
respect to each of the various different angles of inci- 
dence. An electrode stands facing the metal film with a 
liquid sample intervening therebetween, and a DC volt- 
age is applied across the electrode and the metal film. A 
substance contained in the liquid sample is thus ana- 
lyzed quickly and with a high sensitivity. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a surface plasmon sensor 
for quantitatively analyzing a substance in a sample by 
utilizing the occurrence of surface plasmon. This inven- 
tion also relates to an evanescent ellipsosensor, 
wherein a light beam impinging upon a prism is totally 
reflected from an interface between the prism and a 
sample, a change in condition of polarization of the light 
beam due to the total reflection is detected, and a sub- 
stance in the sample is thereby analyzed. This invention 
further relates to an electrophoresis sensor for analyz- 
ing a substance in a sample by utilizing electrophoresis. 



Description of the Prior Art 

In metals, free electrons vibrate collectively, and a 
compression wave referred to as a plasma wave is 
thereby produced. The compression wave occurring on 
the metal surface and having been quantized is referred 
to as the surface plasmon. 

Various surface plasmon sensors for quantitatively 
analyzing a substance in a sample by utilizing a phe- 
nomenon, in which the surface plasmon is excited by a 
light wave, have heretofore been proposed. As one of 
well known surface plasmon sensors, a surface plas- 
mon sensor utilizing a system referred to as the Kret- 
schman arrangement may be mentioned. The surface 
plasmon sensor utilizing the system referred to as the 
Kretschman arrangement is described in, for example, 
Japanese Unexamined Patent Publication No. 6(1994)- 
167443. 

Basically, the surface plasmon sensor utilizing the 
system referred to as the Kretschman arrangement 
comprises (i) a prism, (ii) a metal film, which is formed 
on one surface of the prism and is brought into contact 
with a sample, (iii) a ''9^ source for producing a light 
beam, (iv) an optical system for causing the light beam 
to pass through the prism and to impinge upon the inter- 
face between the prism and the metal film such that var- 
ious different angles of incidence may be obtained with 
respect to the interface, and (v) a photo detecting 
means capable of detecting the intensity of the tight 
beam, which has been totally reflected from the inter- 
face, with respect to each of the various different angles 
of incidence. 

In order for various different angles of incidence to 
be obtained, a light beam having a comparatively small 
beam diameter may be deflected and caused to 
impinge upon the interface. Alternatively, a light beam 
having a comparatively large beam diameter may be 
converged on the interface such that the light beam may 
contain components, which impinge at various different 
angles of incidence upon the interface. In the former 
case, the light beam, which comes from the interface at 



various different angles of exit in accordance with the 
deflection of the incident light beam, may be detected 
with a small photodetector, which moves in synchroni- 
zation with the deflection of the light beam, or may be 

5 detected with an area sensor extending in the direction, 
along which the angle of exit of the light beam changes. 
In the latter case, the light beam may be detected with 
an area sensor extending in a direction such that the 
area sensor can receive all of the light beam compo- 

to nents coming from the interface at various different 
angles of exit. 

With the surface plasmon sensor having the afore- 
said constitution, when a light beam composed of a P- 
polarized light component (i.e.. a polarized light compo- 

is nent normal to the reflection interface) impinges at a 
specific angle of incidence 0sf which is not smaller than 
the total reflection angle, upon the metal film, an eva- 
nescent wave having an electric field distribution occurs 
in the sample, which is in contact with the metal film, 

20 and the surface plasmon is excited at the interface 
between the metal film and the sample by the evanes- 
cent wave. In cases where the wave vector of the eva- 



nescent wave coincides with the wave number of the 
surface plasmon and wave number matching is 

25 obtained, the evanescent wave and the surface plas- 
mon resonate, and energy of the light transfers to the 
surface plasmon. As a result, the intensity of the light, 
which is totally reflected from the interface between the 
prism and the metal film, becomes markedly low. 

30 If the wave number of the surface plasmon is found 
from the specific angle of incidence e SP at which the 
aforesaid phenomenon occurs, a dielectric constant of 
the sample can be calculated. Specifically, the formula 
shown below obtains. 

35 
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40 wherein Ks P represents the wave number of the surface 
plasmon, cd represents the angular frequency of the sur- 
face plasmon, c represents the light velocity in a vac- 
uum, Em represents the dielectric constant of the metal, 
and Es represents the dielectric constant of the sample. 

45 If the dielectric constant % of the sample is found, 
the concentration of a specific substance contained in 
the sample can be calculated from a predetermined cal- 
ibration curve, or the like. Therefore, the specific sub- 
stance contained in the sample can be quantitatively 

so analyzed by finding the specific angle of incidence 9 SP 
at which the intensity of the reflected light beam 
becomes low. 

However, with the conventional surface plasmon 
sensors described above, the problems are encoun- 

ss tered in that, when the substance contained in a trace 
amount in the liquid sample is analyzed, the sensitivity 
with which the substance to be analyzed is detected 
cannot be kept high, and a long time is required to carry 
out the analysis. 
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Also, it has heretofore been known that, when a 
light beam traveling in a first medium is totally reflected 
by an interface between the first medium and a second 
medium, which has a refractive index lower than the 
refractive index of the first medium, light referred to as 5 
the evanescent wave leaks to the second medium. 
When the light beam impinges upon the interface, the 
electric field of light changes in phase before the light 
beam is totally reflected from the interface and after the 
light beam is totally reflected from the interface. The ro 
change in phase varies for the P-polarized light compo- 
nent (normal to the reflection interface) and the S-polar- 
ized light component (parallel to the reflection interface). 
The change in the condition of polarization is inherent in 
accordance with the second medium which interacts is 
with the evanescent wave. 

Evanescent ellipsosensors for analyzing a sub- 
stance contained in a sample by utilizing the phenome- 
non described above have heretofore been used. In the 
evanescent ellipsosensors. a constitution for totally 20 
reflecting a light beam from an interface between the 
sajr^e and aprism is ejiployed, and a tech nique (ellip* 
sometry) for detectlhga change in phase difference, i.e. 
a change in condition of polarization, is applied to the 
constitution. Such an evanescent ellipsosensor is 25 
described in. for example, PHYSICAL REVIEW LET- 
TERS. Vol. 57. No. 24, 15 December, 1986, pp. 3065- 
3068. With the evanescent ellipsosensors, the prism is 
employed as the aforesaid first medium, the sample 
serving as the aforesaid second medium is brought into 30 
close contact with one surface of the prism, and the light 
beam is totally reflected from the interface between the 
prism and the sample. A change in condition of polari- 
zation due to the total reflection is detected, and physi- 
cal properties or a total amount of the substance in the 35 
sample is thereby determined. 

However, with the conventional evanescent ellipso- 
sensors described above, the problems are encoun- 
tered in that, when the substance contained in a trace 
amount in the liquid sample is analyzed, the sensitivity 40 
with which the substance to be analyzed is detected 
cannot be kept high, and a long time is required to carry 
out the analysis. 

Further, electrophoresis apparatuses for analyzing 
substances contained in a sample by utilizing electro- 45 
phoresis have heretofore been used. Such an electro- 
phoresis apparatus is described in, for example, 
Japanese Unexamined Patent Publication No. 
62(1987)-220853. Basically, with the electrophoresis 
apparatuses, a DC voltage is applied across an electro- so 
phoresis medium having been impregnated with a sam- 
ple, and substances having electric charges, such as 
protein, protein decomposition products, nucleic acid, 
and nucleic acid decomposition products, which sub- 
stances are contained in the sample, are thereby ss 
caused to migrate through the electrophoresis medium. 
The substances are thus separated spatially in the elec- 
trophoresis medium by the utilization of differences in 
migration speed among the substances. 
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In the conventional electrophoresis apparatuses, 
ordinarily, gel sheets constituted of a polyacrylamide 
gel, an agarose gel, or the like, are employed as the 
electrophoresis media. Also, ordinarily, in order for the 
spatially separated substances to be analyzed, tech- 
niques are employed wherein the substances in the 
sample are labeled with fluorescent substances, radio- 
active isotopes, and the like, and the positions of the 
labeled substances after migrating through the electro- 
phoresis medium are recorded on a photographic mate- 
rial, a stimulable phosphor sheet described in Japanese 
Unexamined Patent Publication No. 62(1 987) -90600, or 
the like. 

However, in order for the positions of the labeled 
substances to be recorded, it is necessary to carry out 
exposure of the photographic material, the stimulable 
phosphor sheet, or the like, development of a latent 
image on the photographic material, a process for read- 
ing out image information having been recorded on the 
stimulable phosphor sheet, and the like. Therefore, with 
the conventional electrophoresis apparatus, considera- 
ble tim e and labor are required to analyze the samples. 
Also, considerable time and labor are required to label 
the substances in the sample with radioactive isotopes, 
or the like. Further, there is the risk that the labeling 
operation adversely affect the human body. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to 
provide a surface plasmon sensor, with which a sub- 
stance contained in a liquid sample is analyzed quickly 
and with a high sensitivity. 

Another object of the present invention is to provide 
a surface plasmon sensor, wherein multiple reflection 
interference of light does not occur, and the size of an 
optical system is kept small. 

A further object of the present invention is to pro- 
vide an evanescent ellipsosensor. with which a sub- 
stance contained in a liquid sample is analyzed quickly 
and with a high sensitivity. 

A still further object of the present invention is to 
provide an electrophoresis sensor, wherein complicated 
operation and process need not be carried out, and a 
substance contained in a sample is analyzed simply. 

The present invention provides a first surface plas- 
mon sensor, comprising: 

i) a prism, 

ii) a metal film, which is formed on one surface of 
the prism and is brought into contact with a sample, 

iii) a light source for producing a light beam, 

iv) an optical system for causing the light beam to 
pass through the prism and to impinge upon an 
interface between the prism and the metal film such 
that various different angles of incidence may be 
obtained with respect to the interface, and 

v) a photo detecting means capable of detecting an 
intensity of the light beam, which has been totally 
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reflected from the interface, with respect to each of 
the various different angles of incidence, 

wherein the improvement comprises the pro- 
vision of: 

5 

a) an electrode, which stands facing the metal 
film with a liquid sample intervening therebe- 
tween, and 

b) means for applying a DC voltage across the 
electrode and the metal film. 10 

The first surface plasmon sensor in accordance 
with the present invention may be modified such that the 
sample analysis can also be carried out on the side of 
the electrode which is provided for voltage application, is 
Specifically, the present invention also provides a sec- 
ond surface plasmon sensor, wherein the aforesaid first 
surface plasmon sensor in accordance with the present 
invention is modified such that it may further comprise: 

so 

a second prism, the electrode being formed on one 
surface^ of the second prism and constituted of a 
metal film, 

a second light source for producing a second light 
beam, 2s 
a second optical system for causing the second 
light beam to pass through the second prism and to 
impinge upon an interface between the second 
prism and the electrode such that various different 
angles of incidence may be obtai ned with respect to 30 
the interface between the second prism and the 
electrode, and 

a second photo detecting means capable of detect- 
ing an intensity of the second tight beam, which has 
been totally reflected from the interface between 35 
the second prism and the electrode, with respect to 
each of the various different angles of incidence. 

The present invention further provides a third sur- 
face plasmon sensor wherein, in lieu of the electrode for 40 
voltage application being located such that it may stand 
facing the metal film as in the aforesaid first surface 
plasmon sensor in accordance with the present inven- 
tion, the electrode for voltage application is located at a 
position spaced apart from the metal film on the one 4S 
surface of the prism. 

The present invention still further provides fourth, 
fifth, and sixth surface plasmon sensors wherein, in lieu 
of the metal film being brought into direct contact with 
the liquid sample as in the aforesaid first, second, and so 
third surface plasmon sensors in accordance with the 
present invention, respectively, a sensor film, to which 
an antigen or an antibody capable of undergoing an 
antigen-antibody reaction with a substance to be ana- 
lyzed, that is contained in a liquid sample, has been ss 
fixed, is formed on the metal film and is brought into 
contact with the liquid sample. 

The present invention also provides a seventh sur- 
face plasmon sensor, comprising: 



i) a substrate permeable to light, 

ii) a light source for producing a light beam, which 
impinges upon the substrate, 

iii) an optical system for causing the light beam to 
impinge upon the substrate. 

iv) a grating for entry of the light beam, which grat- 
ing is formed at a portion of one surface of the sub- 
strate on the light beam incidence side, the grating 
diffracting the light beam and entering the light 
beam into the substrate, 

v) a sensor means, which is formed on the other 
surface of the substrate opposite to the one surface 
and is constituted of a metal film, that is brought into 
contact with a sample, 

vi) a grating for radiation of the light beam, which 
grating is formed at a different portion of the one 
surface of the substrate on the light beam incidence 
side, the grating diffracting the light beam, which 
has been reflected from an interface between the 
substrate and the sensor means, and radiating the 
light beam out of the substrate, and 

vii) a phot o de tecting means^ capable of detecting 
an intensity of the light beam, which has been radi- 
ated out of the substrate, 

whereby a wave number of a surface plas- 
mon, which occurs at an interface between the sen- 
sor means and the sample, is specified from the 
intensity of the light beam having been detected by 
the photo detecting means, and a substance con- 
tained in the sample is analyzed quantitatively. 

In the seventh surface plasmon sensor, the light 
beam having been produced by the light source is irra- 
diated by the optical system to the substrate and is dif- 
fracted by the grating for entry of the light beam. The 
diffracted light beam passes through the substrate and 
impinges upon the interface between the sensor means 
and the substrate. 

Also, in the seventh surface plasmon sensor, the 
substrate permeable to Eight may be constituted of, for 
example, a glass substrate. The substrate may be con- 
stituted of a single piece. Alternatively, the substrate 
may be constituted of a plurality of pieces. In the latter 
case, for example, the substrate may be constituted of a 
glass plate, on which the grating for entry of the light 
beam and the grating for radiation of the tight beam are 
formed, and a glass plate, on which the sensor means 
is formed, the two glass plates being combined with 
each other with a refractive index matching liquid inter- 
vening therebetween. 

"Hie present invention further provides a first eva- 
nescent ellipsosensor, comprising: 

i) a prism, 

ii) a transparent electrode, which is formed on one 
surface of the prism and is brought into contact with 
a liquid sample, 

iii) a beam irradiating system for irradiating a tight 
beam, which has been polarized in a predeter- 
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mined condition of polarization, from the side of the 
prism such that the light beam may be totally 
reflected from an interface between the liquid sam- 
ple and the transparent electrode, 

iv) means for detecting a change in condition of s 
polarization of the light beam due to the total reflec- 
tion, 

v) an opposite electrode, which stands facing the 
transparent electrode with the liquid sample inter- 
vening therebetween, and 10 

vi) means for applying a DC voltage across the 
opposite electrode and the transparent electrode. 

The first evanescent ellipsosensor in accordance 
with the present invention may be modified such that the is 
sample analysis can also be earned out on the side of 
the opposite electrode which is provided for voltage 
application. Specifically, the present invention still fur- 
ther provides a second evanescent ellipsosensor, 
wherein the aforesaid first evanescent ellipsosensor in 20 
accordance with the present invention is modified such 
that it may further comprise: 

a second prism, a second transparent electrode 
serving as the opposite electrode being formed on 2s 
one surface of the second prism, 
a second beam irradiating system for irradiating a 
second light beam, which has been polarized in a 
predetermined condition of polarization, from the 
side of the second prism such that the second light 30 
beam may be totally reflected from an interface 
between the liquid sample and the second trans- 
parent electrode, and 

means for detecting a change in condition of polar- 
ization of the second light beam due to the total 35 
reflection. 

The present invention also provides a first electro- 
phoresis sensor, comprising: 

40 

r) an electrophoresis medium having been impreg- 
nated with a sample, 

ii) a first electrode, which is constituted of a metal 
film and is located such that it may be in contact 
with one end of the electrophoresis medium, 45 

iii) a second electrode, which is located on the side 
of the other end of the electrophoresis medium, 

iv) means for applying a DC voltage across the first 
electrode and the second electrode, the DC voltage 
causing a substance, which is to be detected and is so 
contained in the sample, to migrate from the other 
end of the electrophoresis medium toward the one 
end thereof, 

v) a prism, which located such that it may be in con- 
tact with the first electrode from the side opposite to ss 
the one end of the electrophoresis medium, 

vi) a beam irradiating system for causing a light 
beam to pass through the prism and to impinge 
upon an interface between the prism and the first 
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electrode such that various different angles of inci- 
dence may be obtained with respect to the inter- 
face, and 

vii) a photo detecting means capable of detecting 
an intensity of the light beam, which has been 
totally reflected from the interface, with respect to 
each of the various different angles of incidence. 

The present invention further provides a second 
electrophoresis sensor, comprising: 

i) an electrophoresis medium having been impreg- 
nated with a sample, 

ii) a first electrode, which is transparent and is 
located such that it may be in contact with one end 
of the electrophoresis medium, 

iii) a second electrode, which is located on the side 
of the other end of the electrophoresis medium, 

iv) means for applying a DC voltage across the first 
electrode and the second electrode, the DC voltage 
causing a substance, which is to be detected and is 
contained in the sample, to migrate from the other 
end of the electrophoresis medium toward the one 
end thereof, 

v) a prism, which located such that it may be in con- 
tact with the first electrode from the side opposite to 
the one end of the electrophoresis medium, 

vi) a beam irradiating system for irradiating a light 
beam, which has been polarized in a predeter- 
mined condition of polarization, from the side of the 
prism such that the light beam may be totally 
reflected from an interface between the prism and 
the first electrode, and 

vii) means for detecting a change in condition of 
polarization of the light beam due to the total reflec- 
tion. 

A third electrophoresis sensor in accordance with 
the present invention is designed for analyzing a sample 
containing a substance to be detected, which has been 
labeled with a fluorescent substance. Specifically, the 
present invention still further provides a third electro- 
phoresis sensor, comprising: 

i) an electrophoresis medium having been impreg- 
nated with a sample containing a substance, which 
is to be detected and has been labeled with a fluo- 
rescent substance, 

ii) a first electrode, which is transparent and is 
located such that it may be in contact with one end 
of the electrophoresis medium, 

iii) a second electrode, which is located on the side 
of the other end of the electrophoresis medium, 

iv) means for applying a DC voltage across the first 
electrode and the second electrode, the DC voltage 
causing the substance, which is to be detected and 
is contained in the sample, to migrate from the 
other end of the electrophoresis medium toward the 
one end thereof. 
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v) a prism, which located such that it may be in con- 
tact with the first electrode from the side opposite to 
the one end of the electrophoresis medium, 

vi) a beam irradiating system for irradiating a light 
beam from the side of the prism such that the light 
beam may be totally reflected from an interface 
between the prism and the first electrode, and 

viO means for detecting fluorescence, which is pro- 
duced by the fluorescent substance when the fluo- 
rescent substance is excited with an evanescent 
wave having leaked from the interface. 

With the first surface plasmon sensor in accord- 
ance with the present invention, the DC voltage is 
applied across the metal film and the electrode, which 
are located with the liquid sample intervening therebe- 
tween. Therefore, the substance to be analyzed, which 
has electric charges in the liquid sample, can be electro- 
deposited on the metal film. The polarity of the voltage 
may be selected in accordance with whether the sub- 
stance to be analyzed is a cation or an anion, or the like. 

Due to the electro-deposition, the concentration of 
the substance to be analyzed becomes high in the por- 
tion of the liquid sample, which portion is in contact with 
the metal film. As a result, the total reflection cancella- 
tion angle changes quickly and markedly. Therefore, the 
substance to be analyzed can be analyzed quickly and 
with a high sensitivity. In particular, in cases where a 
substance in a liquid sample is to be detected by the uti- 
lization of an antigen-antibody reaction, i.e. in cases 
where, for example, an antigen (or an antibody) is fixed 
to the metal film and an antibody (or an antigen), which 
is contained in the liquid sample and specifically 
adsorbs to the metal film, is to be detected, the antigen- 
antibody reaction is promoted by the increase in con- 
centration of the substance to be analyzed, and there- 
fore the effects described above can be obtained more 
markedly. 

With the second surface plasmon sensor in accord- 
ance with the present invention, the electrode provided 
for voltage application is constituted of the metal film, 
and the prism, the light source, the optical system, and 
the photo detecting means are located also for the elec- 
trode provided for voltage application, such that a sam- 
ple analysis can also be carried out on the side of this 
electrode. Therefore, a substance having positive elec- 
tric charges in the liquid sample and a substance having 
negative electric charges in the liquid sample can be 
analyzed simultaneously. 

With the third surface plasmon sensor in accord- 
ance with the present invention, the DC voltage is 
applied across the metal film and the electrode, which 
are formed at positions spaced apart from each other 
on one surface of the prism. Therefore, as in the first 
and second surface plasmon sensors in accordance 
with the present invention, the substance to be ana- 
lyzed, which has electric charges in the liquid sample, 
can be electro-deposited on the metal film. By virtue of 
the effects of the electro-deposition, the substance to be 



analyzed, which is contained in the liquid sample, can 
be analyzed quickly and with a high sensitivity. 

With the fourth, fifth, and sixth surface plasmon 
sensors in accordance with the present invention, the 

5 sensor film, to which an antigen or an antibody capable 
of undergoing an antigen-antibody reaction with a sub- 
stance to be analyzed, that is contained in the liquid 
sample, has been fixed, is formed on the metal film. As 
a result, the substance to be analyzed, that is contained 

io in the liquid sample, combines with the sensor film. 
Therefore, the physical properties in the vicinity of the 
sensor means, which is constituted of the sensor film 
and the metal film, change markedly. Accordingly, the 
sensitivity of the sensor system can be kept high, and 

75 the rate of the antigen-antibody reaction can be kept 
high. 

With the seventh surface plasmon sensor in 
accordance with the present invention, light coupling to 
the sensor means is carried out with the grating for entry 
20 of the light beam and the grating for radiation of the light 
beam, which are formed on the substrate. Therefore, 
multiple reflection interference, which will occur when a 
prism is utilized for the coupling, can be prevented from 
occurring. 

25 Also, with the seventh surface plasmon sensor in 
accordance with the present invention, wherein no 
prism is used and the light coupling section is located in 
the plane-parallel form, the size of the surface plasmon 
sensor can be kept small, and adjustment of the optical 
30 axis can be carried out easily. 

With the first evanescent ellipsosensor in accord- 
ance with the present invention, the DC voltage is 
applied across the transparent electrode and the oppo- 
site electrode, which are located with the liquid sample 
35 intervening therebetween. Therefore, the substance to 
be analyzed, which has electric charges in the liquid 
sample, can be electro-deposited on the transparent 
electrode. The polarity of the voltage may be selected in 
accordance with whether the substance to be analyzed 
40 is a cation or an anion, or the tike. 

Due to the electro-deposition, the concentration of 
the substance to be analyzed becomes high in the por- 
tion of the liquid sample, which portion is in contact with 
the transparent electrode. Therefore, the substance to 
45 be analyzed can be analyzed with a high sensitivity. In 
particular, in cases where a substance in a liquid sam- 
ple is to be detected by the utilization of an antigen-anti- 
body reaction, i.e. in cases where, for example, an 
antigen (or an antibody) is fixed to the transparent elec- 
50 trade and an antibody (or an antigen), which is con- 
tained in the liquid sample and specifically adsorbs to 
the metal film, is to be detected, the antigen-antibody 
reaction is promoted by the increase in concentration of 
the substance, which is to be analyzed, in accordance 
55 with the law of mass action, and therefore an analysis 
can be made quickly and with a high sensitivity. 

Also, with the first evanescent ellipsosensor in 
accordance with the present invention, the electrode for 
voltage application, which is formed on one surface of 
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the prism, is a transparent electrode. Therefore, as in sensor in accordance with the present invention, a plu- 
the conventional apparatus wherein the electrode is not raltty of substances contained in the sample are tempo- 
formed, the evanescent wave leaks to the liquid sample, rally separated from one another and detected. 
Accordingly, the sample analysis can be carried out Therefore, exposure operations for recording the 
without being obstructed by the electrode. s images of the substances by spatially separating them, 
Such that the light beam may be reflected totally, it development processes, and the like, need not be car- 
is necessary for the transparent electrode and the prism ried out. and the substances contained in the sample 
to be constituted of materials having refractive indexes can be analyzed easily. 

higher than the refractive index of the liquid sample. Also, with the first electrophoresis sensor in accord- 
Also, from the view point of preventing the reflection io ance with the present invention, the substance con- 
from the interface between the prism and the transpar- tained in the sample is analyzed in accordance with the 
ent electrode and multiple reflection interference in the intensity of the reflected light described above. There- 
transparent electrode film, the transparent electrode fore, operations for labeling the substance in the sample 
and the prism should preferably be constituted of mate- need not be carried out and the analysis operation can 
rials having an identical refractive index. is be kept simple. 

Particularly, with the second evanescent ellipsosen- Effects of the second electrophoresis sensor in 
sor in accordance with the present invention, the oppo- accordance with the present invention will be described 
site electrode is constituted of a transparent electrode, hereinbelow. As described above, when a light beam 
and the prism, the beam irradiating system, and the traveling in a first medium is totally reflected by an inter- 
means for detecting a change in condition of polariza- so face between the first medium and a second medium, 
tion are located also for the opposite electrode, such which has a refractive index lower than the refractive 
that a sample analysis can also be carried out on the index of the first medium, light referred to as the evanes- 
side of the opposite electrode. Therefore, a substance cent wave leaks to the second medium. When the polar- 
having positive electric charges in the liquid sample and ized light beam impinges upon the interface, the 
a substance having negative electric charges in the liq- 25 condition of polarization (i.e., the difference in phase 
uid sample can be analyzed simultaneously. between the P-polarized light component and the S- 

With the first electrophoresis sensor in accordance polarized light component) changes before the light 

with the present invention, when a light beam impinges beam is totally reflected from the interface and after the 

at an angle of incidence, which is not smaller than the light beam is totally reflected from the interface. The 

total reflection angle, upon the first electrode constituted 30 change in the condition of polarization is inherent in 

of the metal film, an evanescent wave having an electric accordance with the second medium which interacts 

field distribution occurs in the sample, which is in con- with the evanescent wave. 

tact with the first electrode, and the surface plasmon is With the second electrophoresis sensor in accord- 
excited at the interface between the metal film and the ance with the present invention, the prism serves as the 
sample by the evanescent wave. When the angle of inci- 35 first medium, and the first electrode and the substance 
dence becomes equal to a specific angle 8sp the wave having arrived at the first electrode serve as the second 
number of the evanescent wave and the wave number medium. Therefore, the substance in the sample can be 
of the surface plasmon become equal to each other, analyzed quantitatively by detecting a change in condi- 
and wave number matching is obtained. In this condi- tion of polarization of the light beam due to the total 
tion, energy of the light transfers to the surface plasmon. 40 reflection. In this manner, with the second electrophore- 
As a result, the intensity of the light, which is totally sis sensor in accordance with the present invention, 
reflected from the interface between the prism and the only the substance having arrived at the first electrode 
first electrode, becomes markedly low. This phenome- is detected. Also, a plurality of substances contained in 
non occurs only when the incident light is composed of the sample arrive at the first electrode after different 
the P-polarized light component (normal to the metal 45 lengths of time due to a difference in migration speed, 
film). Therefore, the substances are temporally separated 

Therefore, the specific substance contained in the from one another and detected, 

sample can be quantitatively analyzed by finding the Also, with the second electrophoresis sensor in 

angle of incidence 0 SP at which the intensity of the accordance with the present invention, wherein the first 

reflected light beam becomes low. so electrode is a transparent electrode, the evanescent 

With the first electrophoresis sensor in accordance wave leaks to the liquid sample, and therefore the sam- 

with the present invention, in this manner, only the sub- pie analysis can be made without being obstructed by 

stance having arrived at the first electrode is detected. A the first electrode. 

plurality of substances contained in the sample arrive at As described above, with the second electrophore- 
the first electrode after different lengths of time due to a 55 sis sensor in accordance with the present invention, a 
difference in migration speed. Therefore, the sub- plurality of substances contained in the sample are tern- 
stances are temporally separated from one another ar^ porally separated from one another and detected, 
detected. Therefore, exposure operations for recording the 
As described above, with the first electrophoresis images of the substances by spatially separating them, 
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development processes, and the like, need not be car- 
ried out, and the substances contained in the sample 
can be analyzed easily. 

Further, with the second electrophoresis sensor in 
accordance with the present invention, the substance s 
contained in the sample is analyzed by detecting a 
change in condition of polarization. Therefore, opera- 
tions for labeling the substance in the sample need not 
be carried out, and the analysis operation can be kept 
simple. io 

Effects of the third electrophoresis sensor in 
accordance with the present invention will be described 
hereinbelow. With the third electrophoresis sensor in 
accordance with the present invention, the light beam is 
totally reflected from the interface between the prism is 
and the first electrode. At this time, an evanescent wave 
leaks from the interface to the sample. The fluorescent 
substance serving as the label is excited with the eva- 
nescent wave and produces the fluorescence. The fluo- 
rescence thus produced is detected. Therefore, the 20 
substance having arrived at the first electrode can be 
analyzed quantitatively in accordance with the fluores- 
cence. 

In this manner, with the third electrophoresis sensor 
in accordance with the present invention, only the sub- 25 
stance having arrived at the first electrode is detected. 
Also, a plurality of substances contained in the sample 
arrive at the first electrode after different lengths of time 
due to a difference in migration speed. Therefore, the 
substances are temporally separated from one another 30 
and detected. 

As described above, with the third electrophoresis 
sensor in accordance with the present invention, a plu- 
rality of substances contained in the sample are tempo- 
rally separated from one another and detected. 35 
Therefore, exposure operations for recording the 
images of the substances by spatially separating them, 
development processes, and the like, need not be car- 
ried out, and the substances contained in the sample 
can be analyzed easily. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view showing a first embodiment 
of the surface plasmon sensor in accordance with 45 
the present invention. 

Figure 2 is a graph showing approximate relation- 
ship between an angle of incidence of a light beam 
upon a reflection interface and an intensity of a 
totally reflected light in a surface plasmon sensor, so 
Figure 3 is a side view showing a second embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention. 
Figure 4 is a side view showing a third embodiment 
of the surface plasmon sensor in accordance with ss 
the present invention. 

Figure 5 is a side view showing a fourth embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 



Figure 6 is a plan view showing relationship 
between positions of a metal film and an electrode 
for voltage application in the fourth embodiment of 
the surface plasmon sensor shown in Figure 5. 
Figure 7 is a plan view showing a different example 
of relationship between positions of a metal film and 
an electrode for voltage application in the surface 
plasmon sensor in accordance with the present 
invention, 

Figure 8 is a plan view showing a further different 
example of relationship between positions of a 
metal film and an electrode for voltage application 
in the surface plasmon sensor in accordance with 
the present invention. 

Figure 9 is a side view showing a fifth embodiment 
of the surface plasmon sensor in accordance with 
the present invention, 

Figure 10 is a side view showing a sixth embodi- 
ment of the surface plasmon sensor in accordance 
with the present invention, 

Figure 1 1 is a side view showing a first embodiment 
of the evanescent ellipsosensor in accordance with 
the present invention, 

Figure 12 is a side view showing a second embodi- 
ment of the evanescent ellipsosensor in accord- 
ance with the present invention, 
Figure 1 3 is a side view showing a first embodiment 
of the electrophoresis sensor in accordance with 
the present invention. 

Figure 14 is a side view showing a second embodi- 
ment of the electrophoresis sensor in accordance 
with the present invention. 

Figure 1 5 is a graph showing how a photo detection 
signal changes in the second embodiment of the 
electrophoresis sensor shown in Figure 14, 
Figure 16 is a side view showing a third embodi- 
ment of the electrophoresis sensor in accordance 
with the present invention, 
Rgure 17 is a side view showing a fourth embodi- 
ment of the electrophoresis sensor in accordance 
with the present invention, and 
Figure 1 8 is a side view showing a fifth embodiment 
of the electrophoresis sensor in accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will hereinbelow be 
described in further detail with reference to the accom- 
panying drawings. 

Figure 1 is a side view showing a first embodiment 
of the surface plasmon sensor in accordance with the 
present invention. As illustrated in Figure 1. the surface 
plasmon sensor comprises a prism 10 having a triangu- 
lar cross-section, and a metal film 12 constituted of 
gold, silver, or the like. The metal film 12 is formed on 
one surface (an upper surface in Figure 1) of the prism 
10 and is brought into contact with a liquid sample 11. 
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The surface plasmon sensor also comprises a light 
source 14, which produces a light beam 13 and may be 
constituted of a semiconductor laser, or the like, and a 
cylindrical lens 15 for converging the light beam 13. 
which has been radiated in a divergent light condition > 
from the light source 14, only in a plane normal to the 
major axis of the prism 10 (i.e., a plane parallel to the 
plane of the sheet of Figure 1). The surface plasmon 
sensor further comprises a photo detecting means 16 
for detecting an intensity of the light beam 13, which has 
been totally reflected from an interface 1 0a between the 
prism 10 and the metal film 12. 

An electrode 17 is located at a position spaced an 
appropriate distance from the metal film 12 such that it 
may stand facing the metal film 12. The electrode 17 is 
supported by a tube-like support member 18 having its 
center axis extending vertically in Figure 1. The periph- 
ery of the region sandwiched between the metal film 12 
and the electrode 17 is closed by the support member 
18. The metal film 12 and the electrode 17 are respec- 
tively connected to a positive pole and a negative pole 
of a DC power source 19. 

The light beam 13 is converged in the manner 
described above by the action of the cylindrical lens 15. 
Therefore, as exemptif ied by the minimum angle of inci- 
dence Q<\ and the maximum angle of incidence 83 in Fig- 
ure 1, the light beam 13 contains components impinging 
at various different angles of incidence 6 upon the inter- 
face 10a. The angles of incidence 9 are set to be not 
smaller than the total reflection angle. As a result, the 
light beam 13 is totally reflected from the interface 10a, 
and the reflected light beam 13 contains the compo- 
nents, which have been reflected at various different 
angles of reflection. 

As the photo detecting means 16. means having a 
light receiving section, which extends in the direction 
that is capable of receiving all of the components of the 
light beam 13 having been reflected at different angles 
of reflection in the manner described above, is 
employed. The photo detecting means 16 may be con- 
stituted of a charge coupled device (CCD) line sensor, 
or the like. A photo detection signal S is obtained from 
each of light receiving elements of the photo detecting 
means 16. Therefore, the photo detection signal S rep- 
resents the intensity of the light beam 13 with respect to 
each of the various different angles of reflection (i.e., 
with respect to each of the various different angles of 
incidence). 

How a sample analysis is carried out in the surface 
plasmon sensor having the constitution described 
above will be described hereinbelow. The region 
between the metal film 12 and the electrode 17 is filled 
with the liquid sample 11, which contains an anionic 
substance to be analyzed 30. Also, the DC power 
source 19 applies a DC voltage across the metal film 12 
and the electrode 1 7. The light beam 1 3 is converged by 
the action of the cylindrical lens 15 in the manner 
described above and is irradiated toward the metal film 
12. The light beam 13 is totally reflected from the inter- 



face 10a between the metal film 12 and the prism 10, 
and the reflected light beam 1 3 is detected by the photo 
detecting means 16. 

As described above, the photo detection signal S 

j obtained from each of the light receiving elements of the 
photo detecting means 16 represents the intensity I of 
the totally reflected light beam 1 3 with respect to each of 
the angles of incidence 6. Figure 2 approximately shows 
the relationship between the intensity I of the reflected 

10 light and the angles of incidence 9. 

The light impinging at a specif ic angle of incidence 
9 SP upon the interface 10a excites surface plasmon at 
an interface between the metal film 12 and the liquid 
sample 11. As for the light impinging at the specific 

is angle of incidence 9 SP upon the interface 10a, the inten- 
sity I of the reflected light becomes markedly low. From 
the photo detection signal S obtained from each of the 
light receiving elements of the photo detecting means 
16. the specific angle of incidence 0 SP can be deter- 

20 mined. As described above in detail, the substance to 
be analyzed 30 contained in the liquid sample 1 1 can be 
analyzed quantitatively in accordance with the value of 

Also, since the DC voltage is applied across the 
25 metal film 1 2 and the electrode 17, which are connected 
to the DC power source 19, the anionic substance to be 
analyzed 30, which is contained in the liquid sample 1 1 , 
is electro-deposited on the metal film 12. Therefore, the 
concentration of the substance to be analyzed 30 
30 becomes high at the portion of the liquid sample 11, 
which portion is in contact with the metal film 12, and 
the substance to be analyzed 30 can be analyzed 
quickly and with a high sensitivity. As the anionic sub- 
stance to be analyzed 30, an antigen (a-FP) dispersed 
35 in PBS, or the like, may be mentioned. 

In cases where the substance to be analyzed 30, 
which is contained in the liquid sample 1 1 , is detected 
by the utilization of an antigen-antibody reaction, it is 
often desired that the relationship between the intensity 
40 I of the reflected light and the angles of incidence 6 can 
be detected on the real time basis as time passes while 
the antigen-antibody reaction is proceeding. With the 
first embodiment of the surface plasmon sensor in 
accordance with the present invention, wherein the sub- 
45 stance to be analyzed 30 can be detected quickly as 
described above, the real time detection can be com- 
pleted quickly. 

In the first embodiment of the surface plasmon sen- 
sor in accordance with the present invention, in order for 
50 the various different angles of incidence 8 to be 
obtained, the light beam 13 having a comparatively 
large beam diameter is irradiated such that it may be 
converged on the interface 10a. Alternatively, various 
different angles of incidence 9 may be obtained by 
55 deflecting a light beam having a comparatively small 
beam diameter. 

A second embodiment of the surface plasmon sen- 
sor in accordance with the present invention will be 
described hereinbelow with reference to Figure 3. In 
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Rgure 3 and in Figures 4 to 8, similar elements are 
numbered with the same reference numerals with 
respect to Rgure 1 . 

The second embodiment of the surface plasmon 
sensor shown in Rgure 3 is basically similar to the first - 
embodiment of Figure 1 , except that the second embod- 
iment further comprises a second prism 20, a second 
light source 24 for producing a light beam 23, a second 
cylindrical lens 25, and a second photo detecting 
means 26. In this case t as the electrode 17, a film of a 
metal, such as gold or silver, is employed. 

The elements newly added to the second embodi- 
ment of the surface plasmon sensor in accordance with 
the present invention constitute another surface plas- 
mon sensor by utilizing the electrode 17, which is con- 
stituted of the metal film, in the same manner as that of 
the metal film 12. Specifically, the second prism 20, the 
second light source 24, the second cylindrical lens 25, 
and the second photo detecting means 26 respectively 
have the same actions as those of the prism 10, the light 
source 14, the cylindrical lens 15, and the photo detect- 
ing means 16. 

In the second embodiment of Rgure 3, the analysis 
of the anionic substance to be analyzed 30, which is 
contained in the liquid sample 11, is carried out in the 
same manner as that described above. Also, in the sec- 
ond embodiment of Figure 3, a cationic substance to be 
analyzed 31 , which is contained in the liquid sample 1 1 , 
is electro-deposited on the electrode 17. Therefore, with 
the second prism 20, the second light source 24, the 
second cylindrical lens 25, and the second photo 
detecting means 26, an analysis of the substance to be 
analyzed 31 can be carried out in the same manner. 

In such cases, the concentration of the substance 
to be analyzed 31 becomes high at the portion of the liq- 
uid sample 11. which portion is in contact with the elec- 
trode 17,'and the substance to be analyzed 31 can be 
analyzed quickly and with a high sensitivity. 

A third embodiment of the surface plasmon sensor 
in accordance with the present invention will be 
described hereinbelow with reference to Rgure 4. The 
third embodiment of the surface plasmon sensor shown 
in Figure 4 is basically similar to the first embodiment of 
Figure 1 , except that a sensor film 40 is formed on the 
metal film 12, and the liquid sample 11 is brought into 
direct contact with the sensor film 40. An antigen or an 
antibody capable of undergoing an antigen-antibody 
reaction with the substance to be analyzed 30, which is 
contained in the liquid sample 1 1 , has been fixed to the 
sensor film 40. By way of example, in cases where the 
substance to be analyzed 30 is the aforesaid antigen (a- 
FP), IgG. or the like, may be employed as the antibody. 

In the third embodiment of Rgure 4, the substance 
to be analyzed 30, which is contained in the liquid sam- 
ple 1 1 . is attracted toward the metal film 12 by the afore- 
said electro-deposition effects and combines with the 
sensor film 40 by the antigen-antibody reaction. There- 
fore, the physical properties change markedly in the 
vicinity of the sensor section, which is constituted of the 



sensor film 40 and the metal film 12. Accordingly, the 
sensitivity of the sensor system can be kept high, and 
the rate of the antigen-antibody reaction can be kept 
high. 

i A fourth embodiment of the surface plasmon sen- 
sor in accordance with the present invention will be 
described hereinbelow with reference to Rgure 5. The 
fourth embodiment of the surface plasmon sensor 
shown in Rgure 5 is basically similar to the first embod- 
io iment of Figure 1 . except that, instead of the metal film 
12 and the electrode 1 7 facing each other, the metal film 
1 2 and the electrode 1 7 are located at positions spaced 
apart from each other on one surface of the prism 10. 
Rgure 6 is a plan view showing the relationship 
75 between the positions of the metal f ilm 12 and the elec- 
trode 17 in the fourth embodiment of Rgure 5. 

In the fourth embodiment of Rgure 5, when the DC 
power source 19 applies the DC voltage across the 
metal film 12 and the electrode 17, the anionic sub- 
so stance to be analyzed 30, which is contained in the liq- 
uid sample 11, is attracted toward the metal film 12 by 
the electro-deposition effects. Therefore, the concentra- 
tion of the substance to be analyzed 30 becomes high 
at the portion of the liquid sample 1 1 , which portion is 
2S close to the metal film 1 2, and the substance to be ana- 
lyzed 30 can be analyzed quickly and with a high sensi- 
tivity. 

In the fourth embodiment of Rgure 5, a sensor film 
40, which is of the same type as that employed in the 
30 third embodiment of Figure 4, is formed on the metal 
film 12. Therefore, in this embodiment, the physical 
properties change markedly in the vicinity of the sensor 
section, which is constituted of the sensor film 40 and 
the metal film 12. Accordingly, the sensitivity of the sen- 
35 sor system can be kept high, and the rate of the antigen- 
antibody reaction can be kept high. 

In cases where the metal film 12 and the electrode 
17 are formed at positions spaced apart from each 
other on one surface of the prism 10 as in the fourth 
40 embodiment of Figure 5, the shapes or the metal film 1 2 
and the electrode 17 are not limited to those shown in 
Rgure 6 and may be designed as illustrated in. for 
example, Rgures 7 and 8. 

In cases where the shapes illustrated in Figure 8 
45 are employed, the so-called multi-channel constitution 
can be obtained. Specifically, in such cases, the sub- 
stance to be analyzed 30, which is contained in the liq- 
uid sample 11. is attracted to each of the three comb 
teeth-like portions of the metal film 12. Therefore, three 
so sensor sections can be obtained, and the analysis can 
be carried out simultaneously at the three sensor sec- 
tions. 

Rgure 9 is a side view showing a fifth embodiment 
of the surface plasmon sensor in accordance with the 
55 present invention. As illustrated in Rgure 9. the surface 
plasmon sensor comprises a light source 101. which 
produces a light beam 1 1 3 and may be constituted of a 
semiconductor laser, or the like, and a glass substrate 
105. The surface plasmon sensor also comprises a 
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grating 106 for entry of the light beam, which is formed 
at a portion of one surface (the lower surface in Figure 
9) of the glass substrate 105, and a sensor means (a 
metal film) 1 1 0, which is formed on the other surface of 
the glass substrate 105 and is brought into contact with 
a sample 111. The grating 106 for entry of the light 
beam diffracts the light beam 113 and causes it to enter 
into the glass substrate 105. The sensor means 110 
may be constituted of gold, silver, or the like. The sur- 
face plasmon sensor further comprises a grating 107 for 
radiation of the light beam, which is formed at a portion 
of the one surface (the lower surface in Figure 9) of the 
glass substrate 105. The grating 107 for radiation of the 
light beam diffracts the light beam 113 having been 
totally reflected from an interface 110a between the 
glass substrate 105 and the metal film 1 10 and radiates 
the light beam 1 13 out of the glass substrate 105. The 
surface plasmon sensor still further comprises a photo 
detecting means 115 for detecting the light beam 113, 
which has been radiated out of the glass substrate 105. 

The light source 101 is rotated by a goniometer (not 
shown), such that the angles of incidence of the light 
beam 113 upon the glass substrate 105 and upon the 
metal film 110 may take various values. Specifically, in 
the fifth embodiment of Figure 9, the goniometer corre- 
sponds to the optical system for causing the light beam 
to impinge upon the substrate in the aforesaid seventh 
surface plasmon sensor in accordance with the present 
invention. As exemplified by the minimum angle of inci- 
dence 81 and the maximum angle of incidence ©2 in Fig- 
ure 9, the light beam 113 impinges at various different 
angles of incidence 6 upon the interface 1 10a between 
the glass substrate 105 and the metal film 110. The 
angles of incidence 6 are set to be not smaller than the 
critical angle of total reflection, such that the light beam 
1 13 may be totally reflected from the interface 1 10a. 

The angle of reflection of the light beam 113, which 
is reflected from the interface 1 10a, changes in accord- 
ance with the change in angle of incidence. Therefore, 
as the photo detecting means 115, means comprising 
light receiving elements arrayed in the direction, along 
which the angle of reflection changes, is employed. By 
way of example, the photo detecting means 115 may be 
constituted of a CCD line sensor. 

In lieu of the goniometer being used, various differ- 
ent angles of incidence may be obtained by deflecting 
the light beam with a galvanometer mirror, which is 
described in, for example, Japanese Patent Application 
No. 8(1996)-109367. Also, the photo detecting means 
1 1 5 may be rotated by a goniometer in accordance with 
the change in angle of reflection due to the rotation of 
the fight source, and the intensity of the light beam may 
thereby be detected. 

How a sample analysis is carried out in the fifth 
embodiment of the surface plasmon sensor shown in 
Figure 9 will be described hereinbelow. The sample 1 1 
subjected to the analysis is located such that it may in 
contact with the metal film 110. The light beam 113 is 
set to be composed of P -polarized light component and 



is caused by the goniometer to enter at various different 
angles of incidence from the grating 106 for entry of the 
light beam into the glass substrate 105. The light beam 
1 13 is diffracted by the grating 106 for entry of the light 

s beam and is caused to impinge at angles of incidence 6 
upon the metal film 110. The light beam 113 is then 
totally reflected from the interface 110a between the 
metal film 1 10 and the glass substrate 105. diffracted by 
the grating 107 for radiation of the light beam, and radi- 

10 ated out of the glass substrate 1 05. The light beam 1 1 3 
having thus been radiated out of the glass substrate 105 
is detected by the photo detecting means 115. 

A photo detection signal S obtained from each of 
the light receiving elements of the photo detecting 

is means 115 represents the intensity I of the totally 
reflected light beam 113 with respect to each of the 
angles of incidence 6 upon the interface 110a between 
the glass substrate 105 and the metal film 1 10. Figure 2 
approximately shows the relationship between the 

so intensity I of the reflected light and the angles of inci- 
dence 0. 

The light impinging at a specific angle of incidence 
(a total reflection cancellation angle) e SP upon the inter- 
face 110a excites surface plasmon at an interface 

25 between the metal film 1 1 0 and the sample 1 1 1 . As for 
the light impinging at the specific angle of incidence 6 SP 
upon the interface 110a. the intensity I of the reflected 
light becomes markedly low. From the photo detection 
signal S obtained from each of the light receiving ete- 

30 ments of the photo detecting means 115. the total 
reflection cancellation angle e SP can be determined. As 
described above in detail, a substance to be analyzed 
contained in the sample 1 11 can be analyzed quantita- 
tively in accordance with the value of the total reflection 

35 cancellation angle e SP 

As an alternative to the constitution of the fifth 
embodiment of Figure 9. as illustrated in Figure 10. a 
collimator lens 102 and a converging lens 103 may be 
employed as the optical system, and the converged light 

40 beam may be irradiated to the interface 1 1 0a. As exem- 
plified by the minimum angle of incidence 9-, and the 
maximum angle of incidence 63 in Figure 10, the con- 
verged light beam contains components impinging at 
various different angles of incidence 6 upon the inter- 

45 face 1 10a. Therefore, the light beam, which has been 
totally reflected from the interface 110a, contains the 
components, which have been reflected at various dif- 
ferent angles of reflection. The intensity of the light 
beam having been radiated out of the glass substrate 

so 1 05 is detected by the photo detecting means 1 1 5. As 
the photo detecting means 115. a CCD line sensor, a 
photodiode. a two-part photodiode as described in, for 
example, Japanese Patent Application No. 8(1996)- 
109366, a photodiode array, or the like, may be 

55 employed. As in the fourth embodiment of Figure 9, the 
total reflection cancellation angle e SP can be found from 
the photo detection signal, and a specific substance 
contained in the sample 111 can be analyzed quantita- 
tively. 
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In the embodiments described above, the total 
reflection cancellation angle e SP is obtained from the 
intensity of the reflected tight with respect to various dif- 
ferent angles of incidence. Alternatively, the total reflec- 
tion cancellation angle e SP may be obtained by utilizing 
the characteristics such that the intensity of the 
reflected light with respect to a certain angle of inci- 
dence changes in accordance with the value of the total 
reflection cancellation angle 6 SP For example, the angle 
of incidence of the light beam may be set at a predeter- 
mined angle smaller than the total reflection cancella- 
tion angle 8 S r and the total reflection cancellation angle 
e SP may be obtained in accordance with the intensity of 
the reflected light, which is obtained at this time. 

Embodiments of the evanescent ellipsosensor in 
accordance with the present invention will be described 
hereinbelow. 

Figure 1 1 is a side view showing a first embodiment 
of the evanescent ellipsosensor in accordance with the 
present invention. As illustrated in Figure 1 1 . the eva- 
nescent ellipsosensor comprises a prism 210 having a 
triangular cross-section, a transparent electrode 212, 
which is formed on one surface (an upper surface in Fig- 
ure 1 1) of the prism 210 and is brought into contact with 
a liquid sample 21 1 , and a light source 214, which pro- 
duces a tight beam 213 and may be constituted of a 
laser. The evanescent ellipsosensor also comprises a 
polarizer 215 and a quarter-wave plate 216 for control- 
ling the condition of polarization of the light beam 213, 
which has been produced by the light source 214. The 
evanescent ellipsosensor further comprises an analyzer 
217. which is located in the optical path of the light 
beam 213 having been totally reflected from an inter- 
face 210a between the prism 210 and the transparent 
electrode 212, and a photo detecting means 218 for 
detecting the intensity of the light beam 213 having 
passed through the analyzer 217. 

An opposite electrode 219 is located at a position 
spaced an appropriate distance from the transparent 
electrode 212 such that it may stand facing the transpar- 
ent electrode 212. The opposite electrode 219 is sup- 
ported by a tube-like support member 220 having its 
center axis extending vertically in Figure 1 1 . The periph- 
ery of the region sandwiched between the transparent 
electrode 212 and the opposite electrode 219 is closed 
by the support member 220. The transparent electrode 
212 and the opposite electrode 219 are respectively 
connected to a positive pole and a negative pole of a DC 
power source 221 . 

The beam irradiating system, which is composed of 
the light source 214, the polarizer 215, and the quarter- 
wave plate 216, is located such that the light beam 213 
may impinge at an angle of incidence not smaller than 
the total reflection angle upon the interface 210a. Also, 
the polarizer 215 and the quarter-wave plate 216 con- 
vert the light beam 213 into an elliptically polarized light 
such that it may constitute a linearly polarized light after 
being totally reflected from the interface 210a. The ana- 
lyzer 21 7 is rotated around the optical axis. 



How a sample analysis is carried out in the evanes- 
cent ellipsosensor having the constitution described 
above will be described hereinbelow. The region 
between the transparent electrode 212 and the opposite 

s electrode 219 is filled with the liquid sample 21 1 , which 
contains an anionic substance to be analyzed 230. Also, 
the DC power source 221 applies a DC voltage across 
the transparent electrode 212 and the opposite elec- 
trode 219. The light beam 213 having been converted 

10 into the elliptically polarized light is irradiated toward the 
transparent electrode 212. The light beam 213 is totally 
reflected from the interface 210a between the transpar- 
ent electrode 212 and the prism 210, and the reflected 
light beam 213 is detected by the photo detecting 

is means 218. 

When the light beam 213 is totally reflected from 
the interface 21 0a, a difference in phase between the P- 
polarized light component (i.e., the polarized light com- 
ponent having a plane of vibration parallel to the inter- 
so face 210a) and the S-polarized light component (i.e.. 
the polarized light component having a plane of vibra- 
tion normal to the interface 210a) varies for the incident 
light and the reflected tight As described above, the 
change in difference in phase, i.e. the change in condi- 

25 tion of polarization, due to the total reflection reflects the 
physical properties and the total amount of the sub- 
stance to be analyzed 230. which adheres to the trans- 
parent electrode 212. Therefore, the analyzer 217 is 
rotated such that an output S of the photo detecting 

30 means 21 8 may become smallest. At this time, from the 
rotation angle of the analyzer 217, the change in condi- 
tion of polarization due to the total reflection, and conse- 
quently the physical properties and the total amount of 
the substance to be analyzed 230, can be determined. 

35 Also, since the DC voltage is applied across the 
transparent electrode 212 and the opposite electrode 
219, which are connected to the DC power source 221 , 
the anionic substance to be analyzed 230, which is con- 
tained in the liquid sample 211, is electro-deposited on 

40 the transparent electrode 212. Therefore, the concen- 
tration of the substance to be analyzed 230 becomes 
high at the portion of the liquid sample 21 1, which por- 
tion is in contact with the transparent electrode 21 2, and 
the substance to be analyzed 230 can be analyzed 

45 quickly and with a high sensitivity. As the anionic sub- 
stance to be analyzed 230. human serum transferrin 
dissolved in sodium hydroxide, or the tike, may be men- 
tioned. 

In cases where the substance to be analyzed 230, 
so which is contained in the liquid sample 21 1 , is detected 
by the utilization of an antigen-antibody reaction, it is 
often desired that the change in condition of polarization 
of the light beam 213 can be detected on the real time 
basis as time passes while the antigen-antibody reac- 
55 tion is proceeding. With the first embodiment of the eva- 
nescent ellipsosensor in accordance with the present 
invention, wherein the substance to be analyzed 230 
can be detected quickly as described above, the real 
time detection can be completed quickly. 
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In the first embodiment of the evanescent ellipso- 
sensor in accordance with the present invention, the 
change in condition of polarization of the light beam 213 
due to the total reflection is detected with the analyzer 
21 7. which rotates, and the photo detecting means 21 8. 
Alternatively, the change in condition of polarization of 
the light beam 213 may be detected with one of other 
known techniques, for example, a technique for utilizing 
a photoelastic modulator (PEM). 

A second embodiment of the evanescent ellipso- 
sensor in accordance with the present invention will be 
described hereinbelow with reference to Figure 12. In 
Figure 12, similar elements are numbered with the 
same reference numerals with respect to Figure 1 1 . 

The second embodiment of the evanescent ellipso- 
sensor shown in Figure 12 is basically similar to the first 
embodiment of Figure 11, except that the second 
embodiment further comprises a second prism 240, a 
second light source 244 for producing a second light 
beam 243, a second polarizer 245. a second quarter- 
wave plate 246, a second analyzer 247, and a second 
photo detecting means 248. In this case, as the oppo- 
site electrode 219, a transparent electrode is employed. 

The elements newly added to the second embodi- 
ment of the evanescent ellipsosensor in accordance 
with the present invention constitute another evanes- 
cent ellipsosensor by utilizing the opposite electrode 
219, which is constituted of the transparent electrode, in 
the same manner as that of the transparent electrode 
212. Specifically, the second prism 240, the second light 
source 244, the second polarizer 245, the second quar- 
ter-wave plate 246, the second analyzer 247, and the 
second photo detecting means 248 respectively have 
the same actions as those of the prism 210, the light 
source 214, the polarizer 215, the quarter-wave plate 
216, the analyzer 217, and the photo detecting means 
218. 

In the second embodiment of the evanescent ellip- 
sosensor shown in Figure 12, the analysis of the anionic 
substance to be analyzed 230, which is contained in the 
liquid sample 21 1 , is carried out in the same manner as 
that described above. Also, in the second embodiment 
of Figure 12, a cationic substance to be analyzed 231. 
which is contained in the liquid sample 21 1, is electro- 
deposited on the opposite electrode 219. Therefore, 
with the second prism 240, the second light source 244, 
the second polarizer 245, the second quarter-wave 
plate 246, the second analyzer 247. and the second 
photo detecting means 248, an analysts of the sub- 
stance to be analyzed 231 can be carried out in the 
same manner. 

In such cases, the concentration of the substance 
to be analyzed 231 becomes high at the portion of the 
liquid sample 21 1 , which portion is in contact with the 
opposite electrode 219, and the substance to be ana- 
lyzed 231 can be analyzed quickly and with a high sen- 
sitivity. 

Embodiments of the electrophoresis sensor in 
accordance with the present invention will be described 



hereinbelow. 

Figure 13 is a side view showing a first embodiment 
of the electrophoresis sensor in accordance with the 
present invention. As illustrated in Figure 13, the elec- 
5 trophoresis sensor comprises a heat-insulating vessel 
310 filled with a liquid sample 31 1 , a first electrode 312 
which is located at the bottom of the heat-insulating ves- 
sel 310 such that it may be in contact with the liquid 
sample 311, and a second electrode 313 which is 
10 located at the top of the heat-insulating vessel 3 1 0 such 
that it may be in contact with the liquid sample 311. The 
electrophoresis sensor also comprises a DC power 
source 314 for applying a DC voltage across the first 
electrode 312 and the second electrode 31 3. As the first 
is electrode 312, by way of example, a metal film consti- 
tuted of gold, silver, or the like, is employed. 

The electrophoresis sensor further comprises a 
prism 315, which has a triangular prism-like shape and 
is brought into contact with the first electrode 312 from 
20 below (i.e.. from the exterior of the heat-insulating ves- 
sel 310. The electrophoresis sensor still further com- 
prises a light source 317, which produces a light beam 
- 316 and may be constituted of a semiconductor laser, or 
the like, and a cylindrical lens 318 for converging the 
25 light beam 316, which has been radiated in a divergent 
light condition from the light source 317, only in a plane 
normal to the major axis of the prism 315 (i.e.. a plane 
parallel to the plane of the sheet of Figure 13). The elec- 
trophoresis sensor also comprises a photo detecting 
30 means 319 for detecting an intensity of the light beam 
316, which has been totally reflected from an interface 
31 5a between the prism 31 5 and the first electrode 31 2. 

The light beam 316 is converged in the manner 
described above by the action of the cylindrical lens 
35 31 8. Therefore, as exemplified by the minimum angle of 
incidence 6 1 and the maximum angle of incidence 62 in 
Figure 13, the light beam 316 contains components 
impinging at various different angles of incidence e 
upon the interface 315a. The angles of incidence 6 are 
40 set to be not smaller than the total reflection angle. As a 
result, the light beam 316 is totally reflected from the 
interface 315a, and the reflected fight beam 316 con- 
tains the components, which have been reflected at var- 
ious different angles of reflection. 
45 As the photo detecting means 319, means having a 
light receiving section, which extends in the direction 
that is capable of receiving all of the components of the 
tight beam 316 having been reflected at different angles 
of reflection in the manner described above, is 
so employed. The photo detecting means 31 9 may be con- 
stituted of a CCD line sensor, or the like. A photo detec- 
tion signal S1 is obtained from each of light receiving 
elements of the photo detecting means 319. Therefore, 
the photo detection signal S1 represents the intensity of 
55 the light beam 316 with respect to each of the various 
different angles of reflection (i.e., with respect to each of 
the various different angles of incidence). 

How a sample analysis is carried out in the first 
embodiment of the electrophoresis sensor having the 
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constitution described above will be described herein- 
below. A gel sheet 320, which is constituted of a poly- 
acrylamide get. or the like, and serves as an 
electrophoresis medium, is located in the heat-insulat- 
ing vessel 310 such that one end (the lower end in Fig- 
ure 13) of the gel sheet 320 may be in contact with the 
first electrode 312. Also, the heat-insulating vessel 310 
is filled with the liquid sample 311. The DC power 
source 314 applies the DC voltage across the first elec- 
trode 3 1 2 and the second electrode 31 3. The light beam 
316 is converged by the action of the cylindrical lens 
318 in the manner described above and is irradiated 
toward the first electrode 312. The light beam 316 is 
totally reflected from the interface 315a between the 
first electrode 312 and the prism 315, and the reflected 
light beam 316 is detected by the photo detecting 
means 319. 

As described above, the photo detection signal S1 
obtained from each of the light receiving elements of the 
photo detecting means 319 represents the intensity I of 
the totally reflected light beam 31 6 with respect to each 
of the angles of incidence 6. Figure 2 approximately 
~ shows the relationship between the intensity I of the 
reflected light and the angles of incidence e. 

The light impinging at a specific angle of incidence 
e SP upon the interface 31 5a excites surface plasmon at 
an interface between the first electrode 312 and the liq- 
uid sample 31 1 . As for the light impinging at the specific 
angle of incidence 0 SP upon the interface 315a, the 
intensity I of the reflected light becomes markedly low. 
From the photo detection signal S1 obtained from each 
of the light receiving elements of the photo detecting 
means 319, the specific angle of incidence 6 SP can be 
determined. As described above in detail, a substance 
to be analyzed, which is contained in the liquid sample 
31 1 , can be analyzed quantitatively in accordance with 
the value of e SP 

Also, since the DC voltage is applied across the first 
electrode 312 and the second electrode 313, which are 
connected to the DC power source 314, a plurality of 
substances contained in the liquid sample 31 1 migrate 
through the gel sheet 320 and arrive one after another 
at the first electrode 312. At this time, the plurality of the 
substances arrive at the first electrode 312 at different 
time intervals due to differences in migration speed- 
Specifically, the substance, which is quantitatively ana- 
lyzed in accordance with the photo detection signal S1 1 
is each of the substances having thus migrated through 
the gel sheet 320. The substances are detected sepa- 
rately from one another in accordance with the photo 
detection signal S1 , the value of which changes with the 
passage of time. 

In the first embodiment of the electrophoresis sen- 
sor in accordance with the present invention, in order for 
the various different angles of incidence 6 to be 
obtained, the light beam 316 having a comparatively 
targe beam diameter is irradiated such that it may be 
converged on the interface 315a. Alternatively, various 
different angles of incidence 6 may be obtained by 



deflecting a light beam having a comparatively small 
beam diameter. 

A second embodiment of the electrophoresis sen- 
sor in accordance with the present invention will be 

s described hereinbelow with reference to Figure 14. In 
Figure 14 and in Figures 16, 17, and 18. similar ele- 
ments are numbered with the same reference numerals 
with respect to Figure 13. 

In the second embodiment of the electrophoresis 

10 sensor shown in Figure 14, the constitution for electro- 
phoresis is basically similar to that in the first embodi- 
ment of Figure 13. and only the sensor section for light 
is different from that in the first embodiment. Specifi- 
cally, the electrophoresis sensor shown in Figure 14 

is comprises the prism 315 which is of the same type as 
that in the first embodiment shown in Figure 13. a trans- 
parent first electrode 330, which is formed on one sur- 
face (an upper surface in Figure 14) of the prism 315 
and is brought into contact with the liquid sample 31 1 . 

20 and a light source 332. which produces a light beam 
331 and may be constituted of a laser. The electro- 
phoresis sensor also comprises a polarizer 333 and a 
quarter-wave plate 334 for controlling the condition of 
polarization of the light beam 331 , which has been pro- 

25 duced by the light source 332. The electrophoresis sen- 
sor further comprises an analyzer 335, which is located 
in the optical path of the tight beam 331 having been 
totally reflected from the interface 315a between the 
prism 31 5 and the transparent first electrode 330. and a 

30 photo detecting means 336 for detecting the intensity of 
the light beam 331 having passed through the analyzer 
335. 

The beam irradiating system, which is composed of 
the light source 332, the polarizer 333, and the quarter- 
ns wave plate 334, is located such that the light beam 331 
may impinge at an angle of incidence not smaller than 
the total reflection angle upon the interface 315a. Also, 
the potarizer 333 and the quarter-wave plate 334 con- 
vert the light beam 331 into a circularly polarized light 
40 immediately before the light beam 331 impinges upon 
the interface 315a The analyzer 335 is rotated around 
the optical axis. 

How a sample analysis is carried out in the second 
embodiment of the electrophoresis sensor having the 
45 constitution described above will be described herein- 
below. The aforesaid gel sheet 320 is located in the 
heat-insulating vessel 310 such that one end (the lower 
end in Figure 1 4) of the gel sheet 320 may be in contact 
with the first electrode 330. Also, the heat-insulating 
so vessel 310 is filled with the liquid sample 31 1 . The DC 
power source 314 applies the DC voltage across the 
first electrode 330 and the second electrode 313. The 
light beam 331, which has been converted into the cir- 
cularly polarized light is irradiated toward the first elec- 
55 trode 330. The light beam 331 is totally reflected from 
the interface 315a between the first electrode 330 and 
the prism 315, and the reflected light beam 331 is 
detected by the photo detecting means 336. 

When the light beam 331 is totally reflected from 
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the interface 31 5a, a difference in phase between the P- 
polarized light component (i.e., the polarized light com- 
ponent having a plane of vibration parallel to the inter- 
face 315a) and the S-polarized light component (i.e., 
the polarized light component having a plane of vibra- 
tion normal to the interface 315a) varies for the incident 
light and the reflected light. The change in difference in 
phase, i.e. the change in condition of polarization, due 
to the total reflection reflects the physical properties and 
the total amount of the substance to be analyzed, which 
adheres to the first electrode 330. Therefore, ellipticity 
of the polarized light is determined from an output S2 of 
the photo detecting means 336, and a shift from the cir- 
cular polarization is thus investigated. In this manner, 
the change in condition of polarization due to the total 
reflection, and consequently the physical properties and 
the total amount of the substance to be analyzed, can 
be determined. 

Also, since the DC voltage is applied across the first 
electrode 330 and the second electrode 313, the plural- 
ity of the substances contained in the liquid sample 311 
migrate through the gel sheet 320 and arrive one after 
another at the first electrode 330rAt this time/the plural 1 
ity of the substances arrive at the first electrode 330 at 
different time intervals due to differences in migration 
speed. Therefore, the substances can be detected tern* 
porally separately from one another. 

In the second embodiment of the electrophoresis 
sensor in accordance with the present invention, the 
change in condition of polarization of the light beam 331 
due to the total reflection is detected with the analyzer 
335, which rotates, and the photo detecting means 336. 
Alternatively, the change in condition of polarization of 
the light beam 331 may be detected with one of other 
known techniques. For example, in cases where the 
analyzer 335 is kept stationary without being rotated, 
the photo detection signal S2 changes moment by 
moment in accordance with the change in condition of 
polarization. Therefore, the change in condition of polar- 
ization can be detected in the real time basis in accord- 
ance with the value of the photo detection signal S2. 
Figure 15 shows how the photo detection signal S2 
changes with the passage of time. 

One example of the separative detection of sub- 
stances is the separative detection of collagen polypep- 
tide chains. Molecular weights of an a-chain, a p-chain. 
and a ychain in collagen are respectively 96,000, 
1 92,000, and 288,000. When a voltage is applied for the 
detection of these substances such that the first elec- 
trode 330 may serve as a positive electrode, the respec- 
tive substances migrate toward the first electrode 330. A 
substance having a small molecular weight migrates at 
a high migration speed. Therefore, a-chain, the p-chain. 
and the v-chain arrive in this order at the first electrode 
330. When each of these substances arrives at the first 
electrode 330. the dielectric constant (the refractive 
index) in the vicinity of the surface of the first electrode 
330 changes in accordance with each substance, and 
the aforesaid condition of polarization is thereby caused 



to change. As described above, the change in condition 
of polarization is detected as a change in photo detec- 
tion signal S2. 

A third embodiment of the electrophoresis sensor in 

5 accordance with the present invention will be described 
hereinbelow with reference to Figure 16. In the third 
embodiment of the electrophoresis sensor shown in 
Rgure 16, the constitution for electrophoresis is basi- 
cally similar to that in the first embodiment of Figure 13, 

10 and only the sensor section for light is different from that 
in the first embodiment Specifically, the electrophoresis 
sensor shown in Figure 16 comprises a prism 340, 
which has an approximately trapezoidal cross-section 
and is located such that it may be in contact with the 

75 transparent first electrode 330, and a light source 342, 
which irradiates a light beam 341 to the prism 340 and 
may be constituted of a laser. The electrophoresis sen- 
sor also comprises a converging lens 343 for converg- 
ing fluorescence 346, which will be described later, and 

20 a wavelength filter 344 for selectively transmitting the 
fluorescence 346, and a photodetector 345 for detecting 
the fluorescence 346. The light source 342 is located 
such that the light beam 341 having been produced by 
it may be totally reflected from an interface 340a 

25 between the prism 340 and the first electrode 330. 

How a sample analysis is carried out in the third 
embodiment of the electrophoresis sensor having the 
constitution described above will be described herein- 
below. The aforesaid gel sheet 320 is located in the 

30 heat-insulating vessel 310 such that one end (the lower 
end in Rgure 1 6) of the gel sheet 320 may be in contact 
with the first electrode 330. Also, the heat-insulating 
vessel 310 is filled with the liquid sample 311. A sub- 
stance to be detected, which is contained in the liquid 

35 sample 31 1 . is labeled with a coloring matter which is 
one kind of fluorescent substances. The DC power 
source 314 applies the DC voltage across the first elec- 
trode 330 and the second electrode 313. Also, the light 
beam 341 is irradiated toward the first electrode 330. 

40 When the light beam 341 is totally reflected from 
the interface 340a, an evanescent wave leaks from the 
interface 340a toward the first electrode 330. At this 
time, if the substance, which is labeled with the coloring 
matter and is contained in the liquid sample 311, has 

45 arrived at the first electrode 330, the coloring matter will 
be excited with the evanescent wave and will generate 
the fluorescence 346. The fluorescence 346 is con- 
verged by the converging lens 343, guided to the photo- 
detector 345, and detected by the photodetector 345. 

so Thus in this embodiment, the substance, which is 
labeled with the coloring matter and is contained in the 
liquid sample 311, can be detected in accordance with 
a photo detection signal S3 obtained from the photode- 
tector 345. 

55 In the third embodiment of the electrophoresis sen- 
sor, since the DC voltage is applied across the first elec- 
trode 330 and the second electrode 313. the plurality of 
the substances contained in the liquid sample 311 
migrate through the gel sheet 320 and arrive one after 
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another at the first electrode 330. At this time, the plural- 
ity of the substances arrive at the first electrode 330 at 
different time intervals due to differences in migration 
speed. Therefore, the substances can be detected tem- 
porally separately from one another. s 

A fourth embodiment of the electrophoresis sensor 
in accordance with the present invention will be 
described hereinbelow with reference to Figure 1 7. In 
the fourth embodiment of the electrophoresis sensor 
shown in Figure 1 7, the sensor section for light, which is 10 
shown in Figure 13, is added to the constitution shown 
in Figure 16. 

When a plurality of substances, which are con- 
tained in the liquid sample 31 1 , are to be detected sep- 
arately from one another with the electrophoresis is 
sensor of Figure 1 7, only a specific substance is labeled 
with a coloring matter. All of the plurality of the sub- 2. 
stances are detected with the sensor section utilizing 
the surface piasmon (the same sensor section as that 
shown in Figure 13). Of the substances, the substance 20 
labeled with the coloring matter can also be detected 
with fluorescence observation. Therefore, in cases 
where a known specific substance is labeled with the 
coloring matter and is utilized as a reference sample, a 
reference signal can be obtained from the fluorescence 25 
detection signal S3, and the other substances can be 
analyzed in accordance with the photo detection signal 
S1. 

A fifth embodiment of the electrophoresis sensor in 
accordance with the present invention will be described 30 
hereinbelow with reference to Figure 18. In the fifth 
embodiment of the electrophoresis sensor shown in 
Figure 18, the sensor section for light, which is shown in 
Figure 14, is added to the constitution shown in Figure 
16. 35 

When a plurality of substances, which are con- 
tained in the liquid sample 31 1 . are to be detected sep- 
arately from one another with the electrophoresis 
sensor of Figure 18, a known specific substance is 
labeled with a coloring matter and is utilized as a refer- 40 
ence sample. Therefore, as in the electrophoresis sen- 3. 
sor of Figure 17, a reference signal can be obtained 
from the fluorescence detection signal S3, and the other 
substances can be analyzed in accordance with the 
photo detection signal S2. 45 

Claims 

1 . A surface piasmon sensor, comprising: 

so 

i) a prism, 

ii) a metal film, which is formed on one surface 
of the prism and is brought into contact with a 
sample, 

iii) a light source for producing a light beam, ss 
rv) an optical system for causing the light beam 

to pass through the prism and to impinge upon 
an interface between the prism and the metal 
film such that various different angles of inci- 



dence may be obtained with respect to the 
interface, and 

v) a photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
been totally reflected from the interface, with 
respect to each of the various different angles 
of incidence, 

wherein the improvement comprises the 
provision of: 

a) an electrode, which stands facing the 
metal film with a liquid sample intervening 
therebetween, and 

b) means for applying a DC voltage across 
said electrode and the metal film. 

A surface piasmon sensor as defined in Claim 1 
wherein the surface piasmon sensor further com- 
prises: 

a second prism, said electrode being formed 
on one surface of said second prism and con- 
stituted of a metal film,— 
a second light source for producing a second 
light beam, 

a second optical system for causing said sec- 
ond light beam to pass through said second 
prism and to impinge upon an interface 
between said second prism and said electrode 
such that various different angles of incidence 
may be obtained with respect to said interface 
between said second prism and said electrode, 
and 

a second photo detecting means capable of 
detecting an intensity of said second light 
beam, which has been totally reflected from 
said interface between said second prism and 
said electrode, with respect to each of the vari- 
ous different angles of incidence. 

A surface piasmon sensor, comprising: 

i) a prism, 

ii) a metal film, which is formed on one surface 
of the prism and is brought into contact with a 
sample, 

iii) a light source for producing a light beam, 

iv) an optical system for causing the fight beam 
to pass through the prism and to impinge upon 
an interface between the prism and the metal 
film such that various different angles of inci- 
dence may be obtained with respect to the 
interface, and 

v) a photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
been totally reflected from the interface, with 
respect to each of the various different angles 
of incidence. 

wherein the improvement comprises the 
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provision of: 

a) an electrode, which is located at a posi- 
tion spaced apart from the metal film on 
the one surface of the prism, and 

b) means for applying a DC voltage across 
said electrode and the metal film. 

4. A surface plasmon sensor, comprising: 

i) a prism, 

ii) a metal film, which is formed on one surface 
of said prism, 

iii) a sensor film, to which an antigen or an anti- 
body capable of undergoing an antigen-anti- 
body reaction with a substance to be analyzed, 
that is contained in a liquid sample, has been 
fixed, said sensor film being formed on said 
metal film and brought into contact with the liq- 
uid sample, 

iv) a light source for producing a light beam, 

v) an optical system for causing the light beam 



said electrode, with respect to each of the vari- 
ous different angles of incidence. 

6. A surface plasmon sensor, comprising: 

i) a prism, 

ii) a metal film, which is formed on one surface 
of said prism, 

iii) a sensor film, to which an antigen or an anti- 
body capable of undergoing an antigen-anti- 
body reaction with a substance to be analyzed, 
that is contained in a liquid sample, has been 
fixed, said sensor film being formed on said 
metal tarn and brought into contact with the liq- 
uid sample, 

iv) a light source for producing a light beam, 

v) an optical system for causing the light beam 
to pass through said prism and to impinge 
upon an interface between said prism and said 
metal film such that various different angles of 
incidence may be obtained with respect to said 
interface. 



to pass through said prism and to impinge 
upon an interface between said prism and said 
metal film such that various different angles of 25 
incidence may be obtained with respect to said 
interface. 

vi) a photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
been totally reflected from said interface, with 30 
respect to each of the various different angles 

of incidence, 

vii) an electrode, which stands facing said 
metal film with the liquid sample intervening 
therebetween, and 3s 

viii) means for applying a DC voltage across 
said electrode and said metal film. 

A surface plasmon sensor as defined in Claim 4 
wherein the surface plasmon sensor further com- 40 
prises: 

a second prism, said electrode being formed 
on one surface of said second prism and con- 
stituted of a metal film, 4s 
a second light source for producing a second 
tight beam, 

a second optical system for causing said sec- 
ond light beam to pass through said second 
prism and to impinge upon an interface so 
between said second prism and said electrode 
such that various different angles of incidence 
may be obtained with respect to said interface 
between said second prism and said electrode, 
and 55 
a second photo detecting means capable of 
detecting an intensity of said second light 
beam, which has been totally reflected from 
said interface between said second prism and 



vl)~a~photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
been totally reflected from said interface, with 
respect to each of the various different angles 
of incidence, 

vii) an electrode, which is located at a position 
spaced apart from said metal film on the one 
surface of said prism, and 

viii) means for applying a DC voltage across 
said electrode and said metal film. 

7. A surface plasmon sensor, comprising: 

i) a substrate permeable to light, 

ii) a light source for producing a light beam, 
which impinges upon said substrate, 

iii) an optical system for causing the light beam 
to impinge upon said substrate. 

iv) a grating for entry of the light beam, which 
grating is formed at a portion of one surface of 
said substrate on the light beam incidence 
side, said grating diffracting the light beam and 
entering the light beam into said substrate, 

v) a sensor means, which is formed on the 
other surface of said substrate opposite to said 
one surface and is constituted of a metal film, 
that is brought into contact with a sample, 

vi) a grating for radiation of the light beam, 
which grating is formed at a different portion of 
said one surface of said substrate on the light 
beam incidence side, said grating diffracting 
the light beam, which has been reflected from 
an interface between said substrate and said 
sensor means, and radiating the light beam out 
of said substrate, and 

vii) a photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
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been radiated out of said substrate, 

whereby a wave number of a surface 
plasmon, which occurs at an interface between 
said sensor means and said sample, is speci- 
fied from the intensity of the light beam having 5 
been detected by said photo detecting means, 
and a substance contained in said sample is 
analyzed quantitatively. 

8. An evanescent ellipsosensor, comprising: 10 

i) a prism, 

ii) a transparent electrode, which is formed on 
one surface of said prism and is brought into 
contact with a liquid sample, is 

iii) a beam irradiating system for irradiating a 
light beam, which has been polarized in a pre- 
determined condition of polarization, from the 
side of said prism such that the light beam may 

be totally reflected from an interface between 20 
the liquid sample and said transparent elec- 
trode. 

iv) means for detecting a change in condition of 
polarization of the light beam due to the total 
reflection, ss 

v) an opposite electrode, which stands facing 
said transparent electrode with the liquid sam- 
ple intervening therebetween, and 

vi) means for applying a DC voltage across 
said opposite electrode and said transparent 30 
electrode. 

9. An evanescent ellipsosensor as defined in Claim 8 
wherein the evanescent ellipsosensor further com- 
prises: 35 

a second prism, a second transparent elec- 
trode serving as said opposite electrode being 
formed on one surface of said second prism, 
a second beam irradiating system for irradiat- 40 
ing a second light beam, which has been polar- 
ized in a predetermined condition of 
polarization, from the side of said second prism 
such that said second light beam may be totally 
reflected from an interface between the liquid 45 
sample and said second transparent electrode, 
and 

means for detecting a change in condition of 
polarization of said second light beam due to 
the total reflection. so 

10. An electrophoresis sensor, comprising: 



iii) a second electrode, which is located on the 
side of the other end of said electrophoresis 
medium, 

iv) means for applying a DC voltage across 
said first electrode and said second electrode, 
the DC voltage causing a substance, which is 
to be detected and is contained in the sample, 
to migrate from said other end of said electro- 
phoresis medium toward said one end thereof, 

v) a prism, which located such that it may be in 
contact with said first electrode from the side 
opposite to said one end of said electrophore- 
sis medium, 

vi) a beam irradiating system for causing a light 
beam to pass through said prism and to 
impinge upon an interface between said prism 
and said first electrode such that various differ- 
ent angles of incidence may be obtained with 
respect to said interface, and 

vii) a photo detecting means capable of detect- 
ing an intensity of the light beam, which has 
been totally reflected from said interface, with 



i) an electrophoresis medium having been 
impregnated with a sample, 

ii) a first electrode, which is constituted of a 
metal film and is located such that it may be in 
contact with one end of said electrophoresis 
medium. 



ss 



respect to each of the various different angles 
of incidence. 

11. An electrophoresis sensor, comprising: 

i) an electrophoresis medium having been 
impregnated with a sample, 

ii) a first electrode, which is transparent and is 
located such that it may be in contact with one 
end of said electrophoresis medium, 

iii) a second electrode, which is located on the 
side of the other end of said electrophoresis 
medium, 

iv) means for applying a DC voltage across 
said first electrode and said second electrode, 
the DC voltage causing a substance, which is 
to be detected and is contained in the sample, 
to migrate from said other end of said electro- 
phoresis medium toward said one end thereof, 

v) a prism, which located such that it may be in 
contact with said first electrode from the side 
opposite to said one end of said electrophore- 
sis medium, 

vi) a beam irradiating system for irradiating a 
light beam, which has been polarized in a pre- 
determined condition of polarization, from the 
side of said prism such that the light beam may 
be totally reflected from an interface between 
said prism and said first electrode, and 

vii) means for detecting a change in condition 
of polarization of the light beam due to the total 
reflection. 

12. An electrophoresis sensor, comprising: 

i) an electrophoresis medium having been 
impregnated with a sample containing a sub- 
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stance, which is to be detected and has been 
labeled with a fluorescent substance. 

ii) a first electrode, which is transparent and is 
located such that it may be in contact with one 
end of said electrophoresis medium, s 

iii) a second electrode, which is located on the 
side of the other end of said electrophoresis 
medium, 

iv) means for applying a DC voltage across 
said first electrode and said second electrode. 10 
the DC vottage causing the substance, which is 

to be detected and is contained in the sample, 
to migrate from said other end of said electro- 
phoresis medium toward said one end thereof, 

v) a prism, which located such that it may be in is 
contact with said first electrode from the side 
opposite to said one end of said electrophore- 
sis medium, 

vi) a beam irradiating system for irradiating a 
light beam from the side of said prism such that 20 
the light beam may be totally reflected from an 
interface between said prism and said first 
electrode, and 

vii) means for detecting fluorescence, which is 
produced by the fluorescent substance when 2s 
the fluorescent substance is excited with an 
evanescent wave having leaked from said 
interface. 



ss 



EP0 805 347 A2 

F I G.1 



17 




esp 

ANGLE OF INCIDENCE (9) 



20 



1 



EP 0 805 347 A2 



F I G.3 




21 



BP 0 805 347 A2 



F I G.4 




F I G.5 




s 



22 



EP 0 805 347 A2 





F I G.8 

19 



.••■ V i-.y-..--,-.-y/3E 



23 



EP0 805 347 A2 



F I G.9 



111 110 




24 



* I 



EP 0 805 347 A2 



F I 6.11 



219 




25 



EP0 805 347 A2 



F I 6.12 




26 



EP 0 805 347 A2 




27 



EP 0 805 347 A2 



F I G.14 




F I 6.15 



SIGNAL S2 



f 



TIME 



28 



EP0 805 347 A2 



F I G .16 




' -S3 



29 



EP 0 805 347 A2 



F I G .17 




I "S3 



30 



EP 0 805 347 A2 



F I 6.18 




' -S3 



31 



(19) 



J 



(12) 



Europdisches Patentarrrt 
European Patent Office 
Office europeen des brevets (11) EP 0 805 347 A3 

EUROPEAN PATENT APPLICATION 



\po) 




(51) Int CI. 6 : G01N 21/55, G01 N 27/447, 




MZ ftft 1 QQA Ri i Hp-tin 1 998/32 


ClUl IN £l/<Ll , UUIW t l/DH 


(A3) 


Date of publication A2: 






OS 11 1997 Bulletin 1997/45 




(21) 


Application number: 97107066.9 




(22) 


Date of filing: 29.04.1997 




(84) 


Designated Contracting States: 


(72) Inventors: 


DE FR GB SE 


• Naya, Masayukl 






Ashlgarakml-gun, Kanagawa-ken 258 (JP) 


(30) 


Priority: 30.04.1996 JP 109398/96 


• Akimoto, Taizo 


15.05.1996 JP 119892/96 


Ashlgarakml-gun, Kanagawa-ken 258 (JP) 




04.06.1996 JP 141698/96 






04.09.1996 JP 233864/96 


(74) Representative: 




04.09.1996 JP 233868/96 


Klunker . Schmltt-Nllson . Hlrsch 






Winzererstrasse 106 


(71) 


Applicant: 


80797 MOnchen (DE) 




FUJI PHOTO FILM CO., LTD. 






Kanagawa-ken, 250-01 (JP) 





(54) Surface plasmon sensor 

(57) A surface plasmon sensor comprises a prism, 
a metal film, which is formed on one surface of the prism 
and is brought into contact with a sample, and a light 
source for producing a light beam. An optical system 
causes the light beam to pass through the prism and to 
impinge upon an interface between the prism and the 
metal film such that various different angles of incidence 
may be obtained with respect to the interface. A photo- 
detector detects an intensity of the light beam, which 
has been totally reflected from the interface, with 
respect to each of the various different angles of inci- 
dence. An electrode stands facing the metal film with a 
liquid sample intervening therebetween, and a DC volt- 
age is applied across the electrode and the metal film. A 
substance contained in the liquid sample is thus ana- 
lyzed quickly and with a high sensitivity. 
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